UK Patent Application GB „„ 2 266 385„,A 

(43) Date of A pubflcatlon 27.10.1993 



(21) 


Application No 9303413.0 


(51) 


INTCL* 






G02B 23/10 




(22) 


DateofHiing 19.02.1993 








(62) 


UKCL (Edition L) 




(30) 


Priority data 




G2J JHU 






(31) 9203705 (32) 2^04.1992 (33) GB 




U1S o2425 








(56) 


Documents dted 




(71) 


Applicant 


Gd l933o59 A 


/^D HAGQtlHA A CD MRKAn/t AH 

ub 14a90l4 A cf Uooa4uo Al 


Smittis Industries Public Limited Company 




WO 91/04508 A2 


US 5034732 A US 4997263 A 








US 3778016 A 






(Incorporated In the United Kingdom} 










(58) 


Held of search 






765 Hnchley Foad, Undon, NW11 8DS, 


UK CL (Edition L) 


G2J JHU 




uniteo Kingcom 




INI KAJ uUZO 




(72) 


Inventor 








Nell Anthony Fox 








(74) 


Agent end/or Address for Service 










J M Hint 










765 Hnchley Road, London. NW11 SOS, 










United Kingdom 









(54) Helmet-mounted display 

(57) A helmet-mounted display eg for Mrtuai reality' has two back-lit liquid ciystal displays 30 and 30* and collimaling 
lenses 23 and 23' mounted towards the rear of the head which produce oollimated beams of lighL A pair of reflectors 24 and 
24* dose to the displays reflect the l{ght beams to another pair of reflectors 25 and 25* boated at the front of the helmet 
These reflectors reflect the Ifght down directly onto reflective areas 26 and 26* which may be semi-transparent on the helmet 
visor 27 which is angled to direct an image of the displays into the line-of-sfght of the user. Single displays and optics may 
be used for mono-vision. 
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TTF.ATV.MnTnOT.D DISPLAY A PPARATUS 
This invention rdates to head-mounted display apparatus. 

Head-mounted displays have been used to present an image to the wearer in his 
line-of-sight Such apparatus may take the form of a pair of goggles containing the 
display. Alternatively, the displ^ may, for example, be mounted behind or to one ade of 
the wearer's head and an image directed in fiont of the eyes by a system of lenses. 

Previous apparatus have disadvantages. They tend to be bulky and heavy, because 
of the optical system used to direct B^t fiom the displ^ to the eyes. They also tend to be 
expensive. Where the apparatus is to be worn for long periods, such as by aircraft pilots, 
it is a great advantage for the weight of the ^paratus to be mmunized. RecenUy. head- 
mounted displays have been proposed for virtual worid appBcations where the wearer is 
presented wth a computer-generated unage of an environment within which he may move. 
It wouldbe aconsiderable advantage for the cost of head-mounted display ^paratus to be 
reduced in Older to be able to e}?)loit My the potentid market for wtual world 

applications. 

According to one aspect of the present invention there is provided head-mounted 
display apparatus for presenting an image in the line-of-sigiht of the wearer of the 
q)paratus, the d^lay i^b^&la^-^a^^'^^ jneansfor cpllimati|ig.B^^ _ 
emitted by the unit mto a beam directed forwardly across the top of the head of the wearer 
onto a first reflector mdmed fiom the vertical, the first reflector being arranged to direct 
the beam of light downwardly onto a second reflector mounted in the lineK)f-sight of the 
wearer, and wherem the second reflector is arranged to reflect the beam of radiation mto 
the line-of-aght of the wearer. 



The apparatus preferably includes an additional reflector mounted adjacent the 
collimating means, the additional collimating means being arranged to reflect the 
collimated beam of light generally horizontally to the first reflector. The second reflector 
is preferably semi-transparent so that the wearer can view the external scene through the 
second reflector with an unage from the display superimposed on the external scene. The 
apparatus may be mounted in a hehnet, the second reflector being provided by a Msor of 
the hehnet. The apparatus preferably mcludes a pair of display units and a pair of second 
reflectors, eadi display unit bdng arranged to pro^de an image for ^evwng by respective 
eyes of the wearer. The display unit may include a liquid crystal display which may be a 
back-lit liquid crystal display. 

Hehnet-mounted dispUgr apparatus m accordance with the present mvention, will 
now be described, by way of example, with reference to the accompanying drawings, in 
which: 

Figure 1 is a sectional side devation of llie apparatus 
Hgure2 is afrx>ntelevationviewofthe apparatus; and 



Figure 3 is a cut away plan ^ew of the apparatus. 



The display apparatus comprises a helmet 1 containing an optical system 2 and a 
displjty unit 3 which is connected to a processor 4 via a flexible cable 5. 

The helmet 1 has an outer shell 10 of a protective, light-proof material which is 
supported on the wearer's head by conventional padded, shock-absorbing inner lino- 1 1 
which spaces the shdl above the head of the wearer. 

The display unit 3 has two multi-colour flat displays 30 and 3 1 which may take the 
form of back-lh Kquid crystal displays such as of the kind described in GB 2254724. The 
displays 30 and 30' are mounted side-by-side at the rear of the hehnet 1 and are inclined 
from the hori2»ntal at an angle a of about 45 degrees. The displays 30 and 30' are driven 
by signals from a drive electronics unit 32 vibich. is also mounted wthm the hehnet and to 
which the cable 5 is connected. Both di^lays 30 and 30* are driven by the processor 4 to 
generate diflferent dispU^r representations for the left and right eye respectively. 

The opticd system 2 is divided into two parattd <±annels 20 and 20' 0%ire 3) to 
provide an optical path between eadi display 30 and 30* and the respective eye. The left- 
hand diannd 20 comprises a collimator 23 formed by an achromatic pair of lenses vMdi is 
located direcdy front of tiie displ^ 30. This produces a paralld beam of light directed at 
an an^e of 45 degrees to tiie horizontal, forwardly and upwardly over the wearer's head. 
The beam of light is incident on a first mirror 24 which is a plane mirror of rectangular 
shape inclined at an aa^e 9 of about 22 degrees to the horizo^lso tiiat^e b^m rfli^ 
isreflected forwardly over the head of the wearer generally horizontally. The optical 
system 2 also indudes a second plane mirror 25 mounted at the firont, top of tiie helmet 1 
and mdined at an angle y of about 45 d^ees to tiie horizontal The action of tiiis nnrror 
25 is, therefore, to direct tiie beam of ligjit vertically downwards. The final component m 
the optical system 2 is a tiiird reflector 26 provided by a part of a visor 27 which is semi- 
transparent The visor 27 is supported by tiie helmet 1 at opposite sides so tiiat it can be 
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swung up out of tbe fine-of-sight, or down into the position shown in the drawings. The 
visor 27 need not be plane over its entire sui&ce, providing that it has flat regions which 
are located directly in front of the eyes of the wearer and inclmed at 45 degrees from the 
horizontal when the visor is m the down portion. The mclination of the visor 27 is such 
that, when it is down, its lower edge is closer to the wearer's head than the upper edge. 
The visor 27 is located dkectly beneath the second mirror 25 so that light from the second 
mirror is mddent directly on the ^or without the intetpo^tion of any other opti^ 
element The inclination of the visor 27 is sudi that the beam of light is reflected 
horizontal, rearwardly into the line-of-sight of the left eye of the wearer. The wearer will, 
therefore, see an image at infini^ ofthe displajr representation on the display 30. 

The light-hand diannel 20* ofthe optical system 2 contains the same elements as - 
the left-hand channd 20 and is arranged to direct an unage ofthe right-hand display 30' 
into the Ime-of-sight ofthe right eye. Jn this way, a stereoscopic, or 3-D, display 
representation can be presented to tiieusor. 

The senu-transparent nature of the visot 27 enables the wearer to ^ew the external 
scene through the ^or, the display representation bdng sup^n^)05ed on this. 
altCTiatively, such as for virtual worid applications, the visor need not be transparoit, the 
wearer only bdng able to see the display representation and not the external scene. 

The hnage presented tcTfli^ mey be changed, in a known w^, accordmg to 

the orientation ofthe hehnet so that, for example, vAm the wearer looks up, the display 
proAddes a suitable representation ofthe sky, or of an unage to be siq)OTnq)osed on the 
sky. In this respect, a hehnet position sensor 40 may supply signals to the processor 4 in 
response to the hehnet orientation so as to control the generation of q)propriate display 
representations. 
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The minors 24, 24' 25, 25', 26' and 26* are conventional metallized glass plates but 
could be provided by other fonns of reflector. In particular, the reflective areas 26 and 26' 
on the visor 27 could be formed by holographic elements which are selected to have an 
angle of reflection that is smaller than the angle of incidence so that the visor can be 
indmed closer to the vertical. This has the advantages that it enables the field of view in 
elevation to be increased and it may reduce the risk of the visor causing mjuiy to the 
wearer in an acddent 

The apparatus need not have two separate displays if a stereoscopic presentation is 
not required. Instead, a single display could provide an unage in the line-of- sight of both 
eyes. The use of a flat panel display has advantages of robustness and low weight but 
alteniativedisplays.suchasaCRTcouldbeused. Instead of contammg the apparatus m a 
hehnet, it would be mounted on a fiwnework supported by a head band. 

The aixaiigement of the present invention has the advantages that it enables a 
relativdywidefieldofviewtobeadiievedwilhalownumberofopticalconqwnents. It 

can have a low wei^ be robust and its shnpUdty enables it to be made at relativdy low 

cost 



CLAIMS 



Head-mounted display apparatus for presenting an image in the line-of- 
sight of the wearer of the apparatus, wherein the display includes a light- 
emittmg displ^ unit, means for collimating light emitted by the unit into a 
beam dkected fonvardly across the top of the head of the wearer onto a 
first reflector incKned from the vertical, wherdn the first reflector is 
ananged to direct flie beam of Kght downwardly onto a second reflector 

mounted in the line-of-sight of the wearer, and Therein the second 
reflector is airanged to reflect the beam of raffiation mto the Ime-of-sight 
of the wearer. 

Head-mounted display apparatus according to Claim 1, including an 
additional reflector mounted adjacent the collimating means, and wherein 
the additional reflector is arranged to reflect the collimated beam of light 
generally horizontally to the first reflector. 

Head-mounted display apparatus, wherdn the second reflector is semi^ 
transparent so that the wearer can view the external scene through the 
second reflector \wth an image fipom the dispUy superimposed on Ae 
external scene. 

Head-mounted ifisplay apparatus according to any one of the preceding 
clmms, wh^rdn the apparatus is mounted in a heUnet, and wherein the 
second reflector is provided by a visor of the helmet 
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5. Head-mounted displ^ tq)paratus according to ai^ one of the preceding 
claims, including a pair of display unhs and a pair of second reflectors, and 
wherein each display unit is arranged to provide an image for viewing by 
respective eyes of the wearer, 

6. Head-mounted display apparatus according to any one of the preceding 
claims, wherein the or each display unit includes a liquid crystal display. 

7^ Head-mounted display apparatus according to Claim 6, wherdn the or 

each display imit includes a back-lit liquid crystal display. 

8. Head-mounted disphy apparatus substantially as herdnbefore desaibed 
with reference to the accompanying drawings. 

9. Any novel feature or combimation of features as heranbefore desaibed. 
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